ACPR
INTERPRETATION Birth prevalence of CP declined. Encouragingly, the percentage of children with CP whose disability was moderate to severe also decreased.
Cerebral palsy (CP) is the most common physical disability in childhood, 1 but it is not purely a disability of childhood as most people with CP survive to adulthood. [2] [3] [4] CP is an umbrella term for a clinically and aetiologically heterogeneous group of permanent but not unchanging disorders of movement and/or posture. 1 Epilepsy, as well as cognitive, sensory, and behavioural impairments frequently accompany this motor disorder. 1, 5 The timing of the cerebral lesion or malformation that causes CP can be classified as prenatal/perinatal or postneonatal (i.e. beyond 28 days). The aetiology of CP is varied, however there are a number of well-recognized prenatal/perinatal risk factors including preterm birth, multiple births, infection, intrauterine growth restriction, indicators of intrapartum compromise, neonatal encephalopathy, and congenital anomalies. 5, 6 A meta-analysis of published literature examined data from the 1980s to 2004 and reported an overall prevalence of 2.11 per 1000 live births. 7 The cumulative meta-analysis suggested that the overall prevalence had remained stable as more recent studies were added. 7 However, because this was a review of the published literature, CP register reports contained exclusively in the grey literature were not included. Other research using CP register data and the same birth years published since this meta-analysis have noted a decline in the prevalence of CP overall and in births between 1000g and 2500g in Europe 8 and across all gestational ages in Victoria, Australia. 9 These papers also reported a decline in severity of disability amongst children with CP. In addition to the functional implications, reductions or increases in severity are important as greater functional limitations and medical complexity are the key predictors of mortality. 3, 4 Registers that include all/nearly all individuals with CP born in a specified geographic region over a specified time period are the optimal sources of data for studying temporal trends in the overall birth prevalence of CP and prevalence within gestational age, birthweight, and severity subgroups. 10 Analysis of the birth prevalence of CP within these specific subgroups using population data provides an opportunity to explore the risk factors and the real-world impact of advances in obstetric and neonatal care. 10, 11 The objective of this observational study was to use data from the Australian Cerebral Palsy Register (ACPR) to: (1) investigate temporal trends in birth prevalence of CP overall and by gestational age per 1000 live births and 1000 neonatal survivors in three Australian states with long-standing CP registers; (2) investigate temporal trends in proportional distributions of CP subtype and severity of disability by birthweight, between and across all Australian states and territories, and compare these with trends reported from the Surveillance of Cerebral Palsy in Europe (SCPE) Group.
METHOD The ACPR
The ACPR was established in 2008 to study trends in birth prevalence of CP over time, causal pathways, and the effectiveness of preventive strategies. The ACPR has adopted the approach used by the SCPE, 12 allowing the use of any definition of CP that includes the following five key elements common to the definitions published by Bax, 13 Rosenbaum, 1 and Mutch 14 that CP: (1) is an umbrella term for a group of disorders; (2) is a condition that is permanent but not unchanging; (3) involves a disorder of movement and/or posture and of motor function; (4) is caused by a non-progressive interference, lesion, or abnormality; and (5) the interference, lesion, or abnormality originates in the immature brain (SCPE). 12 The ACPR is the result of ongoing collaboration between custodian organizations of CP registers from each state and territory of Australia. 15 Each state/territory CP register collects information from multiple sources, including hospital and treating specialist clinician records. Data for each individual identified as having CP are confirmed at 5 years of age. The ACPR does not currently collect and report on 'age of registration'. Each register has individual ethics approval to upload deidentified data to the web-based ACPR research database which is completed at 3-yearly intervals. 15 The state and territory CP registers were established over a considerable period of time: the first started in Western Australia in 1979 whereas a number of new state/territory CP registers commenced as recently as 2006. It can take years for a new CP register to develop the processes and networks required to achieve population-level ascertainment and while new registers are still identifying children for targeted birth years they are considered under-ascertained. In this data set the three longest-standing state registers, South Australia, Victoria, and Western Australia, had identified all (or almost all) children for the targeted birth years.
Study cohort
All individuals with CP excluding those with a postneonatal cause, born in Australia between 1995 and 2009, included on the ACPR at the time of the most recent data upload (October 2015) were included in this study. Inclusion/exclusion criteria have been applied uniformly throughout the study period. For the first aim, the analyses of CP birth prevalence trends over time overall and by gestational age were conducted using data from the three state registers with population-level ascertainment. For the second aim, analyses of severity of disability included children with CP from all states and territories. Any missing data was reported. To ensure there were no duplications, each state and territory group contributed only records of children that were born in their state or territory and a deduplication algorithm was run.
Study variables
The following variables from the ACPR were considered. Birth years were aggregated and reported by five epochs (1995-1997, 1998-2000, 2001-2003, 2004-2006, and 2007-2009 ). Gestational age was reported as under 28 weeks, 28 to 31weeks, 32 to 36 weeks, and 37 weeks or over and birthweight as under 1000g, 1000g to 1499g, 1500g to 2499g, and 2500g or more. CP subtype was classified according to the predominant motor type: spastic, ataxic, dyskinetic, or hypotonic. Spastic CP was further classified in terms of topography as unilateral (mono/hemiplegia) or bilateral (diplegia, triplegia, and quadriplegia). Severity of disability was categorized based on a published methodology 8 where cases with a record of moderate to severe intellectual impairment (IQ<50) and/or Gross Motor Functional Classification System 16 (GMFCS) levels III to V at 5 years of age were classified as moderate to severe, while those with no, mild, or borderline intellectual impairment (IQ≥50) and in GMFCS levels I or II were categorized as mild. Data for the two denominators (live births and neonatal survivors, 1995-2009) were obtained from the National Perinatal Epidemiology and Statistics Unit.
Statistical analysis
The convention for CP epidemiology is to use the term birth prevalence instead of incidence as an unknown number of children die before their CP is recognized. For each of the three Australian states with population level ascertainment, the birth prevalence of CP was expressed as the count of CP cases per 1000 live births and per 1000 neonatal survivors, both overall and within each gestational age group. Poisson regression was used to investigate temporal trends in overall CP birth prevalence and in each gestational age group for South Australia, Victoria, and Western Australia (Aim 1). For all states and territories, proportional distributions of birthweight, CP subtype, and disability severity were calculated per epoch. Poisson regression was used to assess trends for overall severity and What this paper adds • Australian CP birth prevalence declined significantly amongst children born before 28 weeks and those born at or after 37 weeks.
• The percentage of children with moderate to severe disability decreased.
severity by birthweight groups across all time epochs (Aim 2). Statistical significance was set at a p-value lower than 0.05. Statistical analyses were performed using STATA statistical software (version 14.0; Stata Corp., College Station, TX, USA).
Ethics
Use of ACPR data for this publication was approved by the ACPR policy group and granted an ethical waiver by the Cerebral Palsy Alliance Human Research Ethics Committee, a National Health and Medical Research Council approved Human Research Ethics Committee (EC00402).
RESULTS
A total of 6098 children with CP born in the eight states and territories of Australia were included in the analysis (Table I ). Of these, 3662 (60%) were born in South Australia, Victoria, and Western Australia, the states with population level ascertainment. Birth prevalence of CP in each of these three states declined significantly over time (South Australia: p=0.019, Victoria: p<0.001, Western Australia: p=0.044) with an average decline of 0.43 per 1000 live births per epoch between 1995 and 2009. Whilst a decline in birth prevalence was observed across all three states from the first to most recent birth epochs, there was variation between states and across epochs ( Figure S1 , online supporting information). Birth prevalence ranged from 1.9 to 2.4 per 1000 live births (1995) (1996) (1997) Figure S1 ).
A total of 3577 out of 3662 (98%) children with CP born in South Australia, Victoria, and Western Australia were included in the analysis of trends in CP birth prevalence over time within each gestational age group (Table II) . Temporal trends in prevalence per 1000 neonatal survivors in the under 28-weeks group showed statistically significant declines in South Australia (p=0.002) and Victoria (p=0.004) but not in Western Australia (p=0.102). Western Australia had a similar declining trajectory, however because of the lower starting prevalence point (1995-1997) it did not reach statistical significance. Visual inspection of the South Australia birth prevalence of CP in this gestational age group per 1000 neonatal survivors (Table II) Amongst children in the 28 to 31 weeks gestational age group, trends for birth prevalence of CP per 1000 neonatal survivors showed statistically non-significant declines in South Australia (p=0.097) and Victoria (p=0.081), with no appreciable change in Western Australia. Amongst children in the 32 to 36 weeks gestational age group, there was no strong evidence of a decline. In term births (≥37 weeks gestational age), CP prevalence declined significantly in Victoria (p<0.001) and Western Australia (p=0.002) but remained stable in South Australia.
A total of 5340 out of 6098 (88%) children with CP born in Australia were included in the analysis of trends in distribution by CP subtypes by birthweight (Table III ; Figure S2 , online supporting information). The largest changes in distribution over time were (1) amongst infants under 1000g where the percentage of unilateral spastic CP increased with a corresponding decrease in bilateral spastic CP, and (2) in the 1500g to 2499g group where the reverse pattern was seen: bilateral spastic CP increased as the corresponding unilateral spastic CP percentages decreased. In the remaining birthweight groups (1000g-1499g and ≥2500g) temporal fluctuations were within 5 per cent across motor types and topography.
A total of 5567 out of 6098 (91%) children with CP born in Australia were included in the analysis of trends in disability severity by birthweight. Overall, a decline of moderate to severe disability from 49 per cent to 34 per cent was observed (p<0.001). Moderate to severe disability decreased in birthweight groups under 1000g (p=0.023) and 2500g or over (p<0.022) (Fig. 1 ).
DISCUSSION
Data from Australia's longest standing CP register (Western Australia) has shown fluctuations in CP birth prevalence between 1.5 and 3.1 per 1000 live births since the 1960s. 17 Over this 50-year period, declines in birth prevalence have been observed but have always been followed by increases. In recent years, declining trends in overall birth prevalence of CP have been reported from Europe , 8 Japan (1988-2007), 18 and Victoria (1983-2009) 9 . In this investigation of ACPR data we also observed a statistically significant (p<0.05) decline in the birth prevalence of CP (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . It remains to be seen if the decline observed in this study will be maintained in future years. It is thus imperative that CP registers continue to monitor these trends in birth prevalence, and feed this information back to the clinicians who are implementing research findings and trialling new practices to reduce CP birth prevalence and severity of disability.
Much attention has been given to those born before 28 weeks and/or those under 1000g as these infants are at the highest risk of CP and other long-term poor neurodevelopmental outcomes. These vulnerable infants are also most likely to be impacted by advances in neonatal care. For those born before 28 weeks, birth prevalence (per 1000 neonatal survivors) declined significantly in South Australia and Victoria at a time when there was little variation in perinatal deaths for this gestational age group. 19 In CP research, mortality remains an important variable to take into consideration particularly for infants born before 28 weeks, therefore the use of neonatal survivors as the denominator is useful to be able to compare birth prevalence across jurisdictions and over time. The reported birth prevalence of CP will be lower when birth prevalence is reported per 1000 live births. This may explain some of the variation in birth prevalence for this gestational age group reported internationally. 18, 20 Infants at the lowest risk of CP, those born at or after 37 weeks, represent the largest group numerically and proportionally, making up more than half of this Australian cohort. Because of sheer size, changes in birth prevalence in this group have the largest impact on overall CP birth prevalence. Here we observed that birth prevalence was relatively stable until the latest epoch (2007) (2008) (2009) ) where declines were seen in Western Australia (1.7-1.2/1000 live births) and in Victoria (1.1-0.8/1000 live births). This stable birth prevalence (up to birth epoch [2004] [2005] [2006] has been reported by other groups internationally, 11, 18, 21 with the exception of Sellier et al., 8 where a non-statistically significant decrease in rates amongst children born with normal birthweight was observed . 8 Future analysis of the next ACPR cohort (2010-2012) will reveal whether the recent decline observed in Australia will be maintained. In order to compare trends in clinical profiles with SCPE data (the other comparable combined CP registers group) we investigated the birthweight groups by CP subtype and severity. The most striking changes in distribution of motor type were observed in the birthweight group (<1000g) discussed below, and the 1500g to 2499g group. The latter group was the only group not to show a decline in the percentage of children with either bilateral spastic CP or moderate to severe disability (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ). In the latest epoch we observed the percentage of moderate to severe disability return to that of the mid-1990s. To date births weighing 1500g to 2499g have not benefited from the routine follow-up given to infants born under 1000g but it is impractical to suggest that all these infants could have routine follow-up. The implementation of the new international early detection guidelines for CP 22 will identify those at high risk of CP and may provide new opportunities for these infants to enter early intervention trials.
Amongst the under 1000g birthweight group, those at highest risk of CP, increases in unilateral spastic CP were observed in both the Australian and European data. 8 Whilst we saw a corresponding reduction in the percentage of these children with bilateral spastic CP in Australia, this was not observed in Europe. 8 Similarly, the disability severity analyses reported by SCPE showed no significant changes in the distribution of moderate to severe disability amongst infants born under 1000g. The Australian data showed a similar pattern over time until the latest epoch, where a decline in moderate to severe disability was observed. We now await the release of new SCPE data for the 2007 to 2009 period to see whether the decline observed in Australia will be replicated in Europe.
Amongst children born with a birthweight of 2500g or higher, the distribution of CP motor type remained stable. Despite this, we observed a notable decline in the percentage of children with moderate to severe disability in this birthweight group from 47 per cent (1995) (1996) (1997) to 31 per cent (2007) (2008) (2009) ). This decline in disability severity was in line with that observed by SCPE suggesting this may be an international trend across high income countries. 8 Reductions in the severity of disability amongst this group are encouraging and should continue to be monitored.
The main strengths of this study are that data used for this analysis was drawn from one of the largest single country registers, representing entire population data, minimizing the impact of potential selection bias and adding strength to the study findings. By using the same severity of disability descriptor as SCPE we were able to make some comparisons with recently published results. Whilst the SCPE and ACPR cohorts only had 9 birth years overlapping (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , the use of Australian data here provided a 6-year extension of international trends to 2009. However, there are some limitations that need to be acknowledged. Of our cohort, 3.5% had their 'timing of initial CP description' over the age of 5 years. We therefore understand that in the most recent birth years presented in this paper there may be a small number of children who are yet to be recorded on the register. For this reason, we will continue to report on and monitor these birth years. Denominator data were only available in 3-year epochs when investigating by gestational age and geographical region in order to avoid cell sizes being too small and potentially identifiable, reducing the number of total time points available for analysis. It was not possible to include all state and territory CP register data in the analysis of temporal trends in birth prevalence by gestational age. However, the benefit of using data from the three long-standing state population CP registers is that these groups have a long history of surveillance, stable methods, and inclusion/exclusion criteria which provide us with further confidence in these study findings.
CONCLUSION
This paper provides evidence from Australia's three longstanding state CP registers that despite differences between them, the birth prevalence of CP is declining. Declines were observed amongst children born before 28 weeks and at or after 37 weeks. Encouragingly, at the same time across Australia, the percentage of children with CP whose disability was classified as moderate to severe decreased. Given these findings, further research is required to determine if these trends are ongoing and to identify and understand the factors contributing to changes in prevalence of CP and severity. This information is important for families, researchers, policy makers, and service providers internationally. 
SUPPORTING INFORMATION
The following additional material may be found online: Figure S1 : Birth prevalence of cerebral palsy (CP) for South Australia, Victoria, and Western Australia 1995-2009. 
